Background. It remains unclear whether neighborhood poverty contributes to differences in subsite-specific colorectal cancer (CRC) incidence. We examined associations between census-tract poverty and CRC incidence and stage by anatomic subsite and race/ethnicity. Methods. CRC cases diagnosed between 2005 and 2009 from 15 states and Los Angeles County ( = 278, 097) were assigned to 1 of 4 groups based on census-tract poverty. Age-adjusted and stage-specific CRC incidence rates (IRs) and incidence rate ratios (IRRs) were calculated. Analyses were stratified by subsite (proximal, distal, and rectum), sex, race/ethnicity, and poverty. Results. Compared to the lowest poverty areas, CRC IRs were significantly higher in the most impoverished areas for men (IRR = 1.14 95% CI 1.12-1.17) and women (IRR = 1.06 95% CI 1.05-1.08). Rate differences between high and low poverty were strongest for distal colon (male IRR = 1.24 95% CI 1.20-1.28; female IRR = 1.14 95% CI 1.10-1.18) and weakest for proximal colon. These rate differences were significant for non-Hispanic whites and blacks and for Asian/Pacific Islander men. Inverse associations between poverty and IRs of all CRC and proximal colon were found for Hispanics. Late-to-early stage CRC IRRs increased monotonically with increasing poverty for all race/ethnicity groups. Conclusion. There are differences in subsite-specific CRC incidence by poverty, but associations were moderated by race/ethnicity.
Introduction
Colorectal cancer (CRC) is made up of a set of cancers that develop in different physical locations of the colon and rectum, including the proximal colon, distal colon, and rectum. These anatomic subsites are heterogeneous in terms of incidence, etiology, clinical and pathological characteristics [1] , recommended treatments, and outcomes [2] [3] [4] [5] . In the United States (US), cancers in the proximal colon account for the greatest burden of CRC (21.1 cases per 100,000), followed by the rectum (14.1 cases per 100,000) and the distal colon (13 cases per 100,000) [6] .
Subsite-specific incidence rates also vary by race and ethnicity. US studies indicate that incidence rates of proximal and distal colon cancer are higher among blacks than whites, whereas rectal cancer rates are higher among whites compared to blacks [7] [8] [9] . Among Asians and Pacific Islanders (API), CRC rates are significantly lower than in whites and blacks across most anatomic subsites except for rectal cancer, where the incidence rate in API males is higher compared to black males [8] . The reasons for these variations are not fully understood but may be related to genetic or behavioral factors, including diet and uptake of preventive screening [10] .
It has also been reported that CRC and subsite-specific incidence rates vary by socioeconomic status (SES), although the direction of the association varies globally. In the USA and Canada, lower SES has been associated with a higher risk of CRC, whereas in Europe, Australia, and South Korea, lower SES has been associated with a lower risk of CRC [11, 12] . While SES is not a direct determinant of incidence differences by subsite, variance in incidence rates among SES groups is likely due to common CRC risk factors which vary by SES, such as physical inactivity, unhealthy diet, smoking, obesity, and poor access to and underuse of screening services for early detection and removal of precancerous polyps [13] .
We are aware of only two population-based US studies that have examined the role of SES on CRC incidence by anatomic subsite and race/ethnicity [12, 14] . In a study of CRC cases diagnosed in the USA from 1999 to 2001, Wu et al. found that incidence rates of proximal colon cancer among white men and women living in low-poverty counties were significantly higher compared to those living in highpoverty counties. No differences in subsite-specific rates were found for black men and women by county poverty level. In a study of CRC cases diagnosed in California from 1998 to 2002, Steinbrecher et al. found a strong association between census-tract SES and subsite-specific CRC incidence rates. Compared to the lowest SES neighborhoods, nonHispanic whites (NHW) and non-Hispanic blacks (NWB) living in the highest SES neighborhoods had significantly lower rates of distal colon cancer, while only NHWs living in the highest SES neighborhoods had significantly lower rates of both proximal colon and rectal cancers. For Hispanics, the association between neighborhood SES and incidence of cancers of the proximal and distal colon and rectum was in the opposite direction compared to NHWs and NHBs.
Due to the inconsistency in study findings and a dearth of evidence, the SES contribution to subsite-specific incidence remains unclear. To further understand SES-based disparities in CRC incidence rates, we expand on the research by Wu et al. and Steinbrecher et al. by examining the associations between census-tract SES and CRC incidence and stage at diagnosis by anatomic subsite and race/ethnicity, using a population-based dataset covering about 42% of the US population. This study is the largest to date to examine these associations in the USA using a census-tract level measure of SES. Jersey, Texas, Utah, and West Virginia), and Los Angeles County. Each of these registries met the "Gold" or "Silver" certification levels by the North American Association of Central Cancer Registries (NAACCR) for data completeness and timeliness for these years. Each registry authorized the use of its data for this project, and the project was reviewed and approved by NAACCR's Institutional Review Board.
Material and Methods
CRCs were classified into three anatomic subsites: proximal colon, distal colon, and rectum. Proximal colon cases included the following International Classification of Diseases for Oncology codes, third edition (ICD-O-3): cecum (C18.0); ascending colon (C18.2); hepatic flexure (C18.3); transverse colon (C18.4); and splenic flexure of colon (C18.5). Distal colon cases comprised descending colon (C18.6) and sigmoid colon (C18.7). Rectal cases included rectosigmoid junction (C19.9) and rectum not otherwise specified (C20.9). Cancers of the appendix (C18.1), colon not otherwise specified (C18.9), overlapping subsite (C18.8), and intestinal tract not otherwise specified (C26.0) accounted for 6% of all CRCs cases in the study and were included only in the analysis for all the CRCs combined, not in the analyses by subsite.
CRC screening in the average-risk population is recommended beginning at age 50 [15] , so analysis of incidence rates by stage at diagnosis was limited to men and women aged 50 and older. CRC staging information was based on Surveillance Epidemiology and End Results (SEER) Summary Stage 2000 derived from collaborative stage variables. Cases diagnosed as in situ or at the localized stage were categorized as early-stage, and those diagnosed at either the regional or distant stage were categorized as late-stage. Cases with an unknown/missing stage, which accounted for 8.6% of the CRC cases among individuals 50 years and older, were excluded from analysis by stage. ICD-O-3 histology types leukemia and lymphoma (9590-9989), mesothelioma (9050-9055), and Kaposi sarcoma (9140) were also excluded.
Poverty, Ethnicity
, and Population Data. All cases were geocoded by the individual registries to the 2000 census tracts and a census-tract poverty value was assigned to each case. Census tracts are defined by a partnership between the US Census Bureau and local authorities prior to each decennial census and are intended to include a relatively homogeneous population group of approximately 4,000 people. The censustract poverty level was based on the poverty rate, the percentage of the population in a census-tract classified as being below the official poverty threshold according to the 2005-2009 American Community Survey (ACS) [16] . The poverty thresholds take into account family size and age composition (the number of children under 18) and inflation. For example, the official poverty threshold for a family of three with one child under 18 years of age was $17,268 in 2009. The Census Bureau does not adjust the poverty thresholds for regional or local variation in the cost of living. For this study census-tract poverty was grouped into four categories: <5%, 5%-<10%, 10%-<20%, and ≥20%. Approximately 3% of the cases did not have census tracts and/or poverty levels assigned and were excluded from the analysis. We chose poverty as the measure of area-based socioeconomic status because of the extensive literature using this measure [17] and because it was the sole SES variable available as part of the NAACCR Cancer in North America (CINA) dataset. Details about these data have been previously published [18, 19] .
We used custom single-year sex and age-specific censustract level residential population estimates for 2005-2009 developed by Woods & Poole Economics, Inc., for use by the SEER program. The Woods & Poole estimates were based on the assumption that the proportion of the population by age and sex for each tract in a particular county changed linearly from the 2000 to 2010 census. The total population for each county by age and sex was from the National Cancer Institute SEER population estimates database [20] . The data were grouped into Hispanic ethnicity plus four non-Hispanic racial groups: non-Hispanic white (NHW), non-Hispanic black (NHB), non-Hispanic American Indians and Alaska Natives (AI/AN), and non-Hispanic Asian or Pacific Islander (API). Non-Hispanics of multiple races were assigned to one of the four non-Hispanic groups based on the proportion of these groups in each census-tract; nonHispanics of some other race were assigned to either AI/AN or API, based on the proportion of these two groups in each census-tract. This latter step was taken because these individuals tend to have origins in Central and South Asia and Central and South America. Multiple races and other race represented only 2.0% and 0.2%, of cases, respectively. Four race/ethnicity categories for both men and women were included in the final analysis: (1) NHW, (2) NHB, (3) Hispanic, and (4) API. AI/AN and cases with unknown race were excluded from the study due to small numbers, accounting for 0.25% and less than 1% of the total cases, respectively.
Statistical Analysis.
Age-adjusted incidence rates (all ages included) and stage-specific age-adjusted incidence rates (ages ≥ 50 only) per 100,000 were computed by subsite (all CRC, proximal, distal, rectum), sex (men, women), race/ethnicity (NHW, NHB, Hispanic, API), and censustract poverty categories. Only invasive cases were used to calculate the overall incidence rates to conform to standard population-based cancer incidence statistics in the USA, while incidence rates by stage included both invasive and in situ cases. The 2000 US standard population was used for age-adjustment of the rates. Incidence rate ratios (IRRs) were calculated for each of the three higher poverty categories versus the lowest poverty category. Confidence intervals (CIs) for incidence rates and IRRs were computed at the 95% level using the Tiwari et al. method, and the level of significance (alpha) was set at 0.05 (5%) for all statistical tests. Difference in the late-to-early stage rate ratios by poverty categories were tested with the 2-tailed -statistic. For all analyses, we considered values < 0.05 to be statistically significant. Rate calculations were completed using SEER * Stat software [21] .
Results
The study population included 254,706 invasive CRC cases (all ages) and 223,015 invasive and in situ cases among persons aged 50 and older, diagnosed from 2005 to 2009. Proximal colon cases accounted for 42% of all CRCs; the distal colon, 24%; and the rectum, 28%. Among those aged 50+, the percentages of CRC by stage at diagnosis were 6% in situ, 38% localized, 31% regional, 17% distant, and 8% unknown. About 23% of the CRC cases were in the lowest poverty category (<5%), and 10% were in the highest poverty category (≥20%). Seventy-four percent of the study population was NHW; 12% NHB; 11% Hispanic; and 4% API.
CRC and Subsite-Specific Incidence by Poverty and
Race/Ethnicity. Tables 1 and 2 show the CRC and subsitespecific age-adjusted IRRs by census-tract poverty and race/ethnicity for men and women, respectively. Incidence rates of CRC overall were significantly higher for men (IRR = 1.14 95% CI 1.12-1.17) and women (IRR = 1.06 95% CI 1.05-1.08) living in the highest (≥20%) poverty areas as compared to those living in the lowest poverty areas (<5%). Results for CRC overall were similar among NHW, NHB, and API men and women. Relative rates of CRC between the highest and lowest poverty category were greatest for NHB (IRR = 1.19 95% CI 1.12-1.28) and NHW (IRR = 1.18 95% CI 1.15-1.20) men (Tables 1 and 2 ). For Hispanics, an inverse association was observed with significantly lower IRs of CRC overall in the highest versus lowest poverty areas for both men (IRR = 0.88 95% CI 0.83-0.94) and women (IRR = 0.84 95% CI 0.79-0.89) ( Tables 1 and 2) .
By CRC subsite, differences in rates by poverty and race were most pronounced for male distal colon when compared to areas with the lowest poverty (5-9.9% poverty IRR = 1.04 95% CI 1.01-1.08; 10-19.9% poverty IRR = 1.12 95% CI 1.08-1.15; ≥20% poverty IRR = 1.24 95% CI 1.20-1.28). This pattern was largely driven by NHW, although NHB and API men in the highest poverty areas also had significantly higher incidence of distal colon cancer (NHB IRR = 1.29 95% CI 1.24-1.35; API IRR = 1.19 95% CI 1.02-1.40). Although similar patterns were found for distal colon cancer among all women, significant differences by poverty status were limited to NHW and NHB. Incidence rates were also significantly higher in the highest versus lowest poverty areas for rectal cancer among NHW and API men and women and NHB men. For Hispanics, an inverse association was observed with significantly lower IRs of proximal colon cancer in the highest versus lowest poverty areas. A similar pattern was found for rectal cancer among Hispanic women, but not Hispanic men (Tables 1 and 2 ). Rectum included ICD-O-3 codes C19.9 and C20.9.
IR: incidence rate; IRR: incidence rate ratio; CI: confidence interval; CT: census tract; NHW: non-Hispanic white; NHB: non-Hispanic black; API: Asian Pacific Islander.
Bold numbers indicate significant associations < 0.05; reference (<5% below poverty). (Table 3) . Generally, NHW, NHB and API men and women living in the most impoverished areas had the highest late-stage CRC incidence rates. There was a significant inverse relationship between late-stage CRC incidence and poverty among Hispanic women as the IRR of late-stage CRC between those in the highest poverty areas versus the lowest poverty area was 0.80 (95% CI 0.73-0.87). This association was not seen among Hispanic men. The CRC IRRs comparing late-to-early stage incidence by poverty level generally increased monotonically with increasing poverty for each of the race/ethnicity groups. However, only Hispanic and NHW men, and API women had significantly different late-to-early stage IRRs in the highest versus lowest poverty category. Among these groups, the greatest differences in IRRs between high and low poverty were found for API women (21% higher) and Hispanic men (11.8% higher). Figure 1 shows the subsite-specific late-to-early stage IRRs by poverty category. The late-to-early stage IRRs were highest for proximal colon and lowest for distal colon and rectum. The late-to-early stage IRRs for CRC subsites (proximal, distal, rectum) generally increased monotonically with increasing poverty, but the absolute differences in the lateto-early stage IRRs between the highest and lowest poverty category were greater for men than for women. For men, the late-to-early stage IRRs for each level of poverty were significantly higher in the highest two poverty categories compared to the lowest poverty category for each of the three subsites. For women, there was a significant increase in the late-to-early stage IRRs with increasing poverty for distal colon and rectum, but not proximal colon. Additional analyses stratified by race/ethnicity were not conducted because of small numbers.
Discussion
In this large population-based study, incidence rates of CRC were highest for NHW, NHB, and API men and women living in the most impoverished areas relative to the least impoverished areas. This finding is likely a result of higher rates of known risk factors of CRC among those living in the higher poverty areas, including an unhealthy diet, lack of physical activity, obesity, tobacco use [22, 23] , and lower CRC screening rates [24] [25] [26] . Because CRC screening can identify cancers at the earliest stage and some screening modalities can also prevent cancer by detecting and removing precancerous polyps, screening can result in lower incidence overall among a highly screened group [15] . Endoscopy screening, which can decrease overall incidence as well as late-stage incidence, is less utilized by low income populations [27, 28] . Indeed, our stage-specific results were consistent with these patterns, as we report higher incidence rates of latestage invasive CRC among populations living in the most impoverished areas. The higher incidence rates of CRC and late-stage disease among men and women living in the most versus least impoverished areas support the need to target socioeconomically disadvantaged areas for screening and develop programs to help reduce known modifiable risk factors for CRC like smoking and obesity.
Findings were generally consistent by anatomic subsite among NHW, NHB, and API men and women; however, the poverty gradients in incidence were stronger for distal colon and rectum than for proximal colon. These findings suggest that SES plays a more prominent role in distal colon and rectal cancers for these race groups than proximal colon cancers. This finding is also consistent with Doubeni et al. who examined data from the National Institutes of Health-AARP and also reported stronger SES gradients for cancers of the distal colon and rectum than for the proximal colon [29, 30] . These differences may reflect usage of endoscopy screening by poverty level and recent evidence indicating that colorectal cancer screening is more effective in reducing incidence in the rectum and distal colon than in the proximal colon [2, 31] . Because low income men and women have lower endoscopy screening rates compared to high income men and women [26] , the greater effectiveness of screening for the distal colon and rectum may explain why the poverty gradients in incidence were stronger for these subsites compared to the proximal colon. The degree to which differences in screening prevalence and modality contributes to SES disparities in CRC incidence by subsite needs further study.
Among Hispanics an inverse relationship between poverty and CRC incidence rates was found, which is largely driven by the incidence of proximal colon cancer. This suggests that the risk profile for proximal colon cancer for Hispanics is different from the other groups in this study. The direction of the association for Hispanics is consistent with two other studies completed in the USA [12, 32] and resembles findings from European studies, which generally found that low-SES was associated with lower risk of colon and rectum cancers [11] . The source for this pattern remains unclear; however, acculturation may play a role. Acculturation is a process of adopting attitudes, values, and beliefs of a culture separate from the culture in which one was raised or educated [33] . Some risk factors for CRC among Hispanic women could vary according to their level of acculturation as studies suggest low SES Hispanics tend to be less acculturated and, therefore, might have certain behaviors that are protective against CRC [34] . A review study that assessed the relationship between acculturation and diet among Hispanics found that less acculturated Hispanics were generally of lower SES and consumed more fruit, rice, and beans but less sugar and sugar-sweetened beverages than more acculturated Hispanics consumed [35] . Studies have provided evidence that diets high in fruits or vegetables or fiber are potentially protective against CRC [36, 37] . Studies have also indicated that less acculturated Hispanics have lower smoking rates [38] and lower obesity prevalence compared to more acculturated Hispanics [39, 40] , both risk factors for CRC [41, 42] . Despite the lower CRC incidence rates among Hispanics living in the highest poverty areas, the results from the stage analysis suggest that Hispanics living in high poverty are at increased risk of late-stage diagnosis, which seems to suggest a difference in Journal of Cancer Epidemiology access to health services and a need to enhance prevention activities in poor Hispanic neighborhoods. While our study did not examine the extent to which acculturation might contribute to the differences in incidence rates, previous studies do suggest that acculturation should be considered in developing health education messages and screening interventions that are culturally appropriate to the identified subpopulations [43, 44] . The late-stage incidence findings for non-Hispanic subgroups are consistent with previous studies [14, [45] [46] [47] . For all race/ethnicity groups, except Hispanic women, we found that the late-to-early stage IRRs for CRC were generally highest in the two highest poverty categories (≥20 and 10%-<20%) compared to the lowest poverty category (<5%). This is likely the result of both low screening rates and higher overall risk of CRC among those in the high poverty areas [46, 48] . This finding supports the need to continue to target socioeconomically disadvantaged areas for screening.
Our findings indicating higher late-to-early stage IRRs for proximal colon compared to distal colon regardless of poverty level were consistent with results from a previous US study that used county-based poverty measures [14] . Identifying higher late-to-early stage IRRs for proximal colon compared to the other subsites regardless of poverty presents an area of critical importance to cancer prevention and control because proximal colon cancer is not only increasing but it also generally has a worse prognosis regardless of stage [49] . Although colonoscopy provides a complete visual of the entire colon, it is most sensitive for identifying large, adenomatous polyps [50] . Serrated polyps, on the other hand, are more likely to be located in the proximal colon, and because they are flat, serrated polyps are more easily missed during colonoscopy [51] . From this perspective, our finding is provocative and supports clinical evidence that proximal colon cancers may be less preventable through colonoscopy screening than distal cancers [31, 52] .
The finding indicating higher CRC incidence rates among APIs in the highest poverty category (≥20%) was not consistent with results from a previous study of California CRC patients, which found no association [12] . This inconsistency may be due to the different study time periods, the use of a different SES measure or regional differences in the API study populations in regard to ethnicity, nativity, primary language spoken, SES, and level of acculturation, which may influence attitudes toward preventive screening and affect CRC risk [12] . The API subgroups included in both studies were extremely different. Compared to California, a greater proportion of API cases included in this study were Asian Indian or Pakistani (8.3% versus 3.5%), Hawaiian (4.7% versus 0.78%), and Japanese (19.2% versus 14.2%) [53] . Because cancer incidence, screening practices, and risk factors for API subgroups (e.g., Hawaiian, Chinese, Korean) vary considerably, future work should consider examining subsite-specific CRC incidence by SES for the different API subgroups.
Our study has several limitations that should be considered. First, we did not have individual-level SES data, information about screening, nor risk factor data, which limited our ability to consider important health behaviors and confounders that may explain the relationships observed in this study. Second, we excluded cases with unknown stage from the stage-stratified analysis of CRC incidence. Stage at diagnosis is often missing in population-based cancer data and was missing for 8.6% of the cases in our study [54, 55] . This may introduce bias into our study because it is systematically missing-particularly for older patients, blacks, and the more impoverished. Unknown stage also has a poor prognosis (33.2% 5-year survival rate compared with a 90% for a local stage, 71% for a regional stage, [56] . This potential selection bias limits the external validity (generalizability) of our findings as our sample likely has a higher proportion of cases diagnosed at regional or distant stage. Furthermore, because cases with unknown stage are more likely to come from impoverished areas, by excluding these cases in our stage analysis by poverty, we likely underestimated the CRC incidence rates for the most impoverished. There is currently no standard method for handling unknown stage cases in cancer surveillance, and studies often simply exclude these cases as we did [45, 46, 57] . Future work should include methods to include these data, such as through imputation [58] , to improve the precision and reliability of the association between area-based SES and CRC stage. A third limitation is related to the assignment of race/ethnicity of the cases which is based primarily on information from the medical record. Race/ethnicity from the medical record may be based on self-identification by the patient, assigned by a health care provider or an admissions clerk, or assigned indirectly based on birthplace, surname, or maiden name. It is unknown how often race/ethnicity is assigned by either self-report or another approach; however misclassification could impact the accuracy of the incidence rates since the denominator data is based on self-report to the US Census. Fourth, the intercensal populations between 2000 and 2010 were estimated using linear interpolation and race/ethnicity specific populations were based on the proportion of these groups in 2010. If our estimates vary significantly from the actual populations, this will also impact the accuracy of incidence rates. Finally, our decision to proportionally allocate the small percentage of non-Hispanics of multiple races (2.0%) and of some other races (0.2%) could also impact the accuracy of the incident of rates if the population estimates are different than the actual populations. Allocating or bridging multiracial respondents in the Census to singlerace categories remains a critical research area and attention must be paid to the allocation decisions as it could result in either overestimating or underestimating rates. A study by Mays et al. demonstrated that the effect of different allocation methods on the estimation of race/ethnicity associated health disparities varies across the different types of health outcomes assessed [59] . Strengths of our study include the large multiethnic population, representing 15 states and the most populous, ethnically diverse county in the USA (Los Angeles County), and the use of census-tract level poverty as our unit of measure of area-based SES, which is a more homogenous measure of area-based poverty than county.
Conclusion
Overall, this study showed that there was a significantly higher incidence of CRC and subsite-specific rates among those living in the most impoverished areas compared to those living in the least impoverished areas for all race/ethnicity groups, except for Hispanics, for whom an inverse relationship was observed. The disparity in incidence of CRC by poverty was more pronounced for rectal and distal colon cancer than for proximal colon cancers. Furthermore, we also observed that higher poverty increased the risk of late-stage and, consequently, less survivable disease. Because those living in the poorest areas have the highest rates of CRC incidence and a higher proportion of late-stage diagnoses, there are important public health implications for this study for the burden of CRC in the USA. It is likely that screening is an important moderator to the relationship of area-based SES and CRC stage at diagnosis. Because CRC screening remains our most effective prevention tool for both CRC incidence and mortality developing culturally appropriate screening programs in impoverished neighborhoods to ensure residents have access to screening may help ameliorate race and ethnic disparities in CRC incidence and mortality. However, this must also be dovetailed with public health programs to reduce obesity and other risk factors for CRC in these neighborhoods. Effective programs that improve diet and lower obesity may reduce the risk of CRC overall, including lowering rates of proximal CRC. Efforts that promote healthy behavior and ensure access to CRC screening according to national guidelines will help reduce socioeconomic disparities in CRC incidence and stage at diagnosis.
